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W C idclitify  in our CO 3 = 1 - 0 ~l)a],s an “cgg~dallt-shaped”, thi~l bipolar
outflow sllcll which outlines tllc extended blue 101)c of L1}C ]nassivc bil)olar  outflow
in the cc~ltral region of  hfou 1{2. ‘J’hc projcc.ted lcnglh  alld width  of the SIICII
are about 5.3 ])c mld 2.7 I)c rqmlivcly,  alld the averaged Imojcc.tcd  thiclmcss  of
the shell is w 0.3 I)C. ‘J’his re]narkahly  well-defined ~larrow  shell alollg with tllc
j,cculiar  line ~)rofilcs  strongly  favor outflow II)odcls with largely unfi]lcd  10Lcs. A
good fit of t]lc slla~)c of tllc s1[cII  by tllc rcc.c]lt sill]]Jlc  outflow ]IIodcl  of Sllu cl
al SCCIIIS to suggest tlla.t tlic lllodcl Ills.y llavc grasI)cd SO]IIC essential  clc!]llc]lt,s of
tllc real situatio~l,  alt,lloug]l our c.ollsidcra.tio)l  of the IIlass dist,rihutiorl co~lfirllls  a.
conclusion of a I}rcvious  study (Massoll &. Cllcr~iiIl 1992)  that t,llc lllodc] ])rcdicts
Loo IIIuc1l lnass  at slllall  I)olar  angles (< 140).

WC idcrd,ify in our CO J = 1 – O l[laI)s an “cggl)lallt-slla  I>cd”, thi~l bipolar
outflow sllcll which outli~ms tllc extended hluc lobe of the ~na,ssive  bipolar outflow
in the central  rcgioll of h!on lt2.  ~’llc projcctcd  lcrlgtli and width of the shell
are about 5.3 l)c alld 2.7 l)c rcspcc.tivc]y,  a.rld IJic a.vcragcd projcc~cd  thickness of
the shell is w 0.3 pc. “J’his rcrl(arkably  well-dcfirlcd ]Iarrow SIICII along with tllc
peculiar ]inc profiles stroI@y  favor outflow nlodcls  witk largely unfilled lobes. A
good fit of the shal)c  of i,lIc shc]l by i,hc rcccnt  sirnIdc outflow inodcl  of SILu et
al sccrns to suggest that the ]Ilodcl IIiay have graslJcd SO]I)C essc~itial clcl[lcllts  of
the real sit,uatio~l, although  our consideration of tlic ~nass distribution cor)firl[ls  a
conclusion) of a j)rcvious  study (MassoIl  & Cllcr~lill  1992) that tlIc Inodcl prcdict,s
too Inuch )nass at slllall  ])olar  arlglcs (< 140).
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1 .  ]utroductio~i

‘J’IIc bil)olar  outflow phcnomcIIon  has Lcc]l onc of t]lc IIIOSL cxcitillg,  alld ]ILOSL  intensely-studied aspects
of star forll]ation  (cf. Suell 1987; Shu, Adal]ls &, I,izal[o 1987). IIowcver,  wc nlay still bc years away froni a
relatively co~lll)lctc  understanding of tllc phc]iolncno~l.  IIi fact, wc ca]lllot yet discrilllinatc  alnong  even solnc
very silnp]e  phcnolllclogica]  outflow inodc]s. A fcw such ]Ilodcls  iucludc  tlIc filled biconical  10Lc niodel  by Cabrit
&. I\crtout (1 986; 1990); tllc slml] ~nodcl by hloriarty-Scllicvcll  & SI,CII  (1 988); the thin paraboloid] sI,cII niodcl
by hlcycrs-l{,ice  & I,ada (1 991) and,  Inorc rccel[tly, tllc Itlodcl of Shu d al (1 991, hereafter S1{.1,1,) and the
jc~-drivcll outflow  ~nodcls of lbga &, Cabrit (1 993) allcl hfassc)Il  &T, CILcrnin (1 993). Ilowcvcr, it is clear that a
cmltlral clcJl)cllt of these IJIOCICIS  is tllc possib]c cxistcllcc  of ]nolccular  shc]l  swcpl,-ul J by stellar winds.
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‘J’ltc MOI1 IU2 bipolar outflow (Ilally  & I,ada  1983) at a distance of 830 pc (Ilerbst & ]{acinc 1976) is onc of
the largest in size and  ill ]nass among the two hundred or so outflows idcmtificd Lo date (Iially  and Lane 199]).
Wolf, I,ada  & IIally (1 990) arid hfcycrs-lticc  & l,ada. (1 991) have prcscntcd  rletailcd  obscrwtiona] st.udics of
the MON IL2 outflow and suggested possible shell structure bsscd  on the shape of line profiles, yet they do not
identify limb-brightcd  shells.

2 .  obscrvatiorls

Observations of the L’0 J =: 1 – O tra]lsition  in Mon R2 were made usirlg the QIJAIUW  15-clcmcrlt focal
plane array  at the 14 m IWRAO  tclescopc  in Ncw Salcrn,  Massacllusctts,  irl 1991 April Lllrougll I)cccrnbcr.  The
rilap is c.cntcrcd on the position of an in fra.rcd  star cluster, a(l 950) = 06h05n’22S,  6(1 950) = –06°22’25” (cf.
IIcckwith et al 1976). q’hc spacirlg of the data ]Joirits is 25” while the lWIIhl bcarn size of the tclcscopc  is
about 45” at 115 GIIz  (Xic 1992; Xic, Golds)niih  & l’atcl  1993, hcrcaftcr  XGP).

Onc striking feature in the maps of lzco 3 =. 1 -- 0 emission is the appcararlcc  of an “cggl)lant-shaped’)

shell feature in several velocity channc] r~]a])s  with velocity close to 10.5 km s- 1, the ce[ltroid velocity of the
core) cxt,cndirlg  from the (O, O) position to tlic hTortli-West for about  20 arclnir)  (Xic 1992; XG1’). Iigurc 1
])rCsellt,S  an OVer]ay Of t]lC high VCIOCity  gas Wit}[ tllC S]IC1l  SCCII ill thC v~,sn z 1 ().88 k!ll s-” ] ~~ challnc]  m a p .
‘J’hc blue-shifted lobe of the bipolar outflow rests Iliccly withirl the boundary of the sIIcII, posing the in]mcdiatc
possibility that we arc witnessing the lirrll~-l)rigllterled tlliri shell sweJ)t  UI) by the collilnatccl  stellar wirld from
the cclltral  driving source of tile LiJ)olar outflow.

3 .  ‘J’hc outflow  Shc]l

l’hc  lnodcl  of SItI,I,  and the jet-driver] IIlodcls of hlasson &. Chcrnin  (1993) arid l{aga  & ~abrit  (1 993) deal
with a WIIOIC, closed outflow sIIcII,  wllilc SO]ILC otllcr  Illodcls (cf. hloriarty-Scllicvcrl  & S]tcll 1988;  Meyers-I{icc
&. l,ada 1991) llavc considered shells with OI)CI] crlds. ‘J’llc observed outflow shell iu hlon 1{2 is surely in favor
of ]tlodcls with closed cllds.

‘1’lIc SIU,l,  ]nodcl i s  pa r t i cu l a r ly  illLprcssivc in its sir)lplicity  a!ld b e a u t y  irl tcrlns of Inathcrnatical
colwtructiorl  of the physical probleln,  which allows a rclativcl  y easy cornparsiori of obs.crvatiorls with the model
J,rcdicLions. ]n a sJ~herical  polar coordinate sys~eln (r, 0, +), botl) the stellar wirld and the a~nbicnt surrounding
lnediurii arc amurncd to have axial sy!nrnctry  and reflection syrnrnctry  about  the equatorial plane (0 = T/2).
‘J’hc ram J)ressurc  force J~cr steradiall, jo~)[g  cvt S-2 st. ‘]], of the wind is a function only of p(= COSO)

a.rld the density of the ar)lkricllt  material p(r,  p)[g cm-3 sr-l] can bc cxprcsscd ss

(2)

wllcrc l’(1~.) and Q(p)  arc dimcmionlcss  functions not sI)ccified by S1{,1.1.. O1le apJ)roacl[  is to let }’(p) and Q(II)
have I)owcr-law  form (Masson & Clhcrnin 1992), l’(p) R lLff arid Q(j~)  R p-fl. Jf’ith these simplifications and
the further assumption that the stellar winds IIIOVC out by swccJ~irlg  the al)ll}icrlt IIlediuln into a thin shell
with lnorrlcrlturn conservation (“srlow~)low”  ) arid that the net ]nass flow along t,hc O direction iu the thin shell
is ncgligib]c, t,hc shell velocity u,(p) along cacll radial direction (0 = consia?tt)  will Lc

V* (p) =-: VIJ , (3)

where 6 = (~ 4 ,f?)/2 and V. is the shell vclocit,y ill the J)olar dircc.tion. Since v~(p) is independent of tirilc, the
slicll will develop self-sirnilarly, r,(p)  = v$(~~)t.

‘J’lIc  emission from the swept-up gas in the shell is expected to show lirllb-briglltcllirlg  in so~llc velocity
cha.nucl  lna.psj as calL be easily demonstrated by dcrivillg  the locus of constant-velocity clllissioll  from the
swept- up gas.

Now how do wc coinl)arc  the shape of the observed shell with the prcdictiorl  of tllc model ? The simple
way that X(3I’ has taken  is to pararnctcrizc  4 o}>scrvable  quantities of the outflow shell in 4 J)aralneters  of the
nlodc], SUCII  as 6, Vo, inclirlation  angle i a.rld outflow agc t, and tllcn to dctcrminc  the Inodcl  J~aralllct,crs. I’l[c 4
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observable quantities include the Inaxifnum  width,  lcngLh of the shell, the lnaxilnuln  Muc-shifted velocity along
tbc line of sight and tbe projected displaccrncnt  of the position where the blue-shifted velocity ltlaxirnizcs.  We
find  vo = 15 km/s, 6 = 6, i = 7 0 °  a n d  t = 3.5 x 105ycars. ‘Jlis inclination angle is consistent with the 66°
determined by Meyers-Rice & I,ada (1 991). Figure 2 presents all overlay of the rnodcled co~wtant  velocity locus
with the velocity channel map at 10.8 km/s. J4’e scc that the SRI,I,  Inodcl provides a remarkable fit to the
sbapc  of t,hc observed outflow shell.

4 .  I)iscussion

IIcsides the shape of the shell, another aspect of the rnodcl is the mass distribution in the shell, which
depends on a and /3 respectively. Maroon & Cllcrnin  (1 992) investigated this aspect by studying the predicted
line profile averaged over the whole outflow, and concluded that the SRI,l,  model predicts too much mass at
srllall polar angles. XG P presented a different aljproacli. They pararnetcrized  the column density sampled by
the telescope beam as a function of the centroid velocity of the blue-shifted shell along the outflow axis. If the
1 ‘CO crnission from the shell is assurncd  to bc optically-thin, then this function corresponds to the integrated
intensity of 12C0  as a function of the shell velocity along the outflow axis. XGP found that while the SRI,l,
moclcl in its present form dots lead to far more IIla.w at vcr~ slrlall  arlglcs than observed, it sccltw to provide
satisfactory explanations to the JIlass distributiolI  as a function of velocity over a large range of polar  angles.
IIcing encouraged by this and tbc re]narkab]e  fit to t}lc shape of the outflow sIIcII,  XGI’ argue that the SIU,I,
r~lodcl may have grasped tbe essential physics of the phenolncnon  and the discrepancy at very small polar angles
hctwecn  tbe model and the data may bc due to possible complications such as in}lolncgcncity, clurnpincss  etc.,
which arc not properly characterized by tbc over-sirl)p]ificd nlodel at present.

onc thing worth mentioning is that we have only treated the blue-shifted lobe so far. T’he outflow
actually has considerable structure and co]nplications  (Meyers-lticc & I,ada 1991; Xic 1992;  XGI’).  2}W0 of
these conlp]icatiorls  seen in Figure 1 arc tllc %cllding” of the red-shifted lobe and the serious overlapping
of red- and blue-s}liftcd big]! velocity gas C1OSC to the outflow center whit.b is not cxI)cctcd for the estimated
inclination angle of ~ 70°. Xic (1992) suggests that inost  of these can bc understood in that, the central core
and tbc bipolar outflow arc loca.tcd on a large exlJanding  I[]olecular sllcll which now dolr]inates  the overall giant
lnolccular  cloud and triggered new generations of star formation (Xic & Goldsmith 1993). M’hilt the blue lobe
of tbe outflow is developing into the relatively ho~nogcncous  lncdiurn  wbicll has not yet been swept-up by the
large scale expansion, the rcd lobe is develoI)ing  towards the cavity wliich is largely cleared out of molecular
r[iaterial  and the red 10Lc is “squasllcd”  so that it is forced to develop sideways.

TX acknowledges I)r. E.E.  Mendoza  and fa]nily for their ki nd hospitality, and sincerely thanks Dr. Armando
Arc]lano  I’crro and other organizers of the sy]nposiur~]  for a good scrvicc and also for providing partial sul)port
for his stay at h~exico  city.
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Fig. 1.- A I I overlay of i,hc shell fcal,urc  (grcy scale) wil,h  the high velocity gas (contours). Solid contours arc
for the blue-shifled  e]nission  (Vi,.S}l = 2– 8 km s-l) with levels 1, 2, . . . . 7, 10, 13, . . . . 22 K lcm s–l. I’hc dashed
contours are for the red-shifted e]llissiorl (V1,sn = 12 – 18 km s–l ) with levels 2, 4, . . . . 26 K km s-l. TIIe grcy
scale ranges from 1 K (white) to 14 K @lack).
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Fig. 2.- AI) overlay of the modeled comtaut veloc]ty ocus with the velocity channel map at 10.8 km/s. The
grcy scale ranges  from 1 K (white) to 14 K (black).


